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Background: Despite increased awareness of the value of discussing patients’ goals of care, advance directives, and code
status as part of the surgical informed consent process, the actual outcomes and risks of cardiopulmonary resuscitation
(CPR) remain poorly deﬁned among some subsets of surgical patients. Thus, in an effort to generate an evidence base for
communication about shared decision making and informed consent for vascular surgery patients and their surrogates, we
deﬁned the incidence, risks, and outcomes of postoperative cardiac arrest after primary vascular surgery procedures.
Methods: The 2007 to 2010 National Surgical Quality Improvement Program data were queried to develop a multi-
institutional database of patients undergoing vascular surgery (N [ 123,581). Univariate analyses and multivariate lo-
gistic regression were used to identify crude and adjusted risk factors for postoperative cardiac arrest requiring CPR and
to assess outcomes.
Results: Postoperative cardiac arrest requiring CPR was seen in 1234 of 123,581 patients (1.0%) after vascular surgery at
a mean of 7.2 6 2 days. The 30-day mortality was 73.4% compared with 2.7% among patients who did not arrest
(P < .001). Of CPR survivors, 102 (12.1%) were still hospitalized at 30 days. Patient variables that were most predictive
of postoperative cardiac arrest included dependent functional status (odds ratio [OR], 2.9; 95% conﬁdence interval [CI],
2.3-3.6; P < .001), dialysis dependence (OR, 2.7; 95% CI, 2.3-3.2; P < .001), emergent case (OR, 2.2; 95% CI, 1.9-2.5;
P < .001), and preoperative ventilator dependence (OR, 2.0; 95% CI, 1.5-2.7; P < .001). Procedures associated with the
highest risk included thoracic aortic surgery (OR, 6.9; 95% CI, 4.8-9.9; P < .001), open abdominal procedures (OR, 3.7;
95% CI, 3.1-4.4; P < .001), axillary-femoral bypass (OR, 2.1; 95% CI, 1.3-3.2; P [ .001), and peripheral embolectomy
(OR, 1.5; 95% CI, 1.2-1.9; P [ .002). At least one major complication preceded cardiac arrest in 47.7% of patients
including sepsis (23.5%), renal failure (14.5%), and myocardial infarction (12.1%). Patients with do not resuscitate orders
were signiﬁcantly less likely to undergo CPR (OR, 0.59; 95% CI, 0.39-0.93; P [ .021).
Conclusions: Patients undergoing vascular surgery who suffer a postoperative cardiac arrest frequently die in spite of
receiving CPR; for those who survive, there is likely to be prolonged hospitalization and signiﬁcant morbidity. These data
provide an evidence base for discussing goals of care, advance directives, and code status with vascular surgery patients
and their surrogates. Further research into how to best communicate risk, to elicit patient preferences, and to engage in
shared decision making is needed. (J Vasc Surg 2015;61:197-202.)There has been increased emphasis on shared decision
making and efforts to discuss code status, advance direc-
tives, and patients’ goals of care as part of the surgical
informed consent process.1-3 Not only should surgical pa-
tients and their surrogates be informed of the risks, bene-
ﬁts, and complications of a particular procedure, but
patients’ preferences and goals of care should be explored
and documented preoperatively both to guide surgeons
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://dx.doi.org/10.1016/j.jvs.2014.06.118to serve as an advance directive should a patient subse-
quently lose capacity. Unfortunately, there are few data
to serve as an evidence base for communication regarding
shared decision making and informed consent for vascular
surgery patients and their surrogates. In particular, the out-
comes and risks of cardiopulmonary resuscitation (CPR)
remain poorly deﬁned among patients undergoing vascular
surgery.
Among all hospitalized patients in the United States,
cardiac arrest occurs at a rate of 0.4%; less than 20% of these
patients will survive this event.4 Among all postoperative
surgical patients, the rate of cardiac arrest requiring CPR
is 0.5%, with a 30-day mortality of 70% across all surgical
specialties.5 Patients undergoing cardiac and vascular sur-
gery are at highest risk for postoperative cardiac arrest;
vascular surgery patients are frequently elderly, have a
high burden of medical comorbidities, and are at high
risk for morbidity and mortality should they suffer a post-
operative cardiac arrest.6,7
Despite our knowledge that vascular surgery patients
are at high risk, there are few data regarding the likelihood
that CPR will be necessary for a particular patient or the ex-
pected outcome should it be required. This acts as a barrier197
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cesses and places the surgeon at increased medical-legal
risk.8,9 Most signiﬁcantly, however, it leaves patients
and their surrogates without the data necessary to make
an autonomous choice. Thus, in an effort to generate
an evidence base for communication about shared deci-
sion making and informed consent for vascular surgery
patients and their surrogates, we deﬁned the incidence,
risks, and outcomes of postoperative cardiac arrest after
vascular surgery.
METHODS
Patient selection. The American College of Sur-
geons National Surgical Quality Improvement Program
(ACS NSQIP) is a multicenter program using prospec-
tive data providing risk-adjusted outcomes for quality
improvement. Details pertaining to data gathering,
sampling, and structure of the Participant Use Data File
have previously been reported.10-13 There are more than
135 variables included documenting preoperative risk
factors, intraoperative variables, and 30-day post-
operative mortality and morbidity outcomes for patients
undergoing speciﬁc surgical procedures. We identiﬁed
all patients undergoing vascular surgery procedures
performed by vascular surgeons from 2007 to 2010
in the ACS NSQIP Participant Use Data Files (N ¼
123,581). Procedures were then grouped with other
like procedures into categories. Institutional Review
Board approval was obtained and patient consent was
waived.
Variables and outcome deﬁnitions. A primary objec-
tive was to identify perioperative patient variables that
could predict postoperative cardiac arrest requiring CPR.
NSQIP has a separate outcome category for cardiac arrest
requiring CPR and identiﬁes on which postoperative day
it occurred. There is no separate variable for cardiac arrest
without CPR. Cardiac arrest described in this manuscript is
only when CPR was performed. All complications captured
by ACS NSQIP were recorded by affected organ system
and severity. Complications included pulmonary complica-
tions, cardiac complication, worsening renal function or
acute renal failure, neurologic complications, thromboem-
bolism, sepsis, bleeding, urinary tract infections, and surgi-
cal site infections.
Demographic variables considered included age, sex,
race, and smoking history. Preoperative functional status
(independent, partially dependent, and totally dependent)
assesses the patient’s ability to perform activities of daily
living before the operation. Body mass index was stratiﬁed
into categories of normal weight, underweight, over-
weight, and obese.
Concomitant medical conditions included diabetes, se-
vere chronic obstructive pulmonary disease, congestive
heart failure in the 30 days before surgery, hypertension
requiring medication, peripheral vascular disease requiring
prior revascularization or amputation, altered mental sta-
tus or impaired sensorium, regular steroid use in the
30 days before surgery, history of bleeding disorders orchronic anticoagulation, hemodialysis dependence, prior
percutaneous coronary intervention, prior cardiac surgery,
current angina or recent myocardial infarction, prior stroke
with or without deﬁcits, and presence of a wound or
infection.
Statistical analysis. Categorical variables were com-
pared by Pearson c2 tests. Distributions of continuous vari-
ables were compared by Wilcoxon rank sum tests. Variables
were considered for inclusion in the multivariate model if
there was a signiﬁcant trend toward association with mor-
tality (P < .10) by univariate analysis.
RESULTS
There were 123,581 patients identiﬁed undergoing
vascular surgery procedures in NSQIP from 2007 to
2010. The average age of all patients was 67 6 14 years;
59% were male. Comprehensive demographic data and
comorbidities are shown in Table I. The most common
comorbidities included hypertension (76%), current smok-
ing (32%), obesity (30%), diabetes (28%), functional
dependence (14%), and chronic obstructive pulmonary dis-
ease (12%). Procedures were grouped into broader cate-
gories, with the most common being cerebrovascular
(25%), open lower extremity (23%), venous (11%) and
endovascular abdominal procedures (10%), and endovascu-
lar thoracic procedures (10%). The full list of surgical pro-
cedures is shown in Table II. Postoperative cardiac arrest
requiring CPR was seen in 1234 of 123,581 patients
(1.0%) after vascular surgery. This occurred at an average
of 7 6 2 days. There were 158 cardiac arrests (12.8% of
the total postoperative cardiac arrests) on postoperative
day 0. There were 365 deaths of 472 arrests (77%) on post-
operative days 0 to 2, and 555 deaths of 762 arrests (73%)
(P ¼ .08) on postoperative day 3 and later.
Multivariate regression revealed both patient and
procedure characteristics that were associated with post-
operative cardiac arrest. These included total functional
dependence (odds ratio [OR], 2.9; 95% conﬁdence interval
[CI], 2.3-3.6; P < .001), dialysis dependence (OR, 2.7;
95% CI, 2.3-3.2; P < .001), emergency operation (OR,
2.2; 95% CI, 1.9-2.5; P < .001), partial functional depen-
dence (OR, 2.0; 95% CI, 1.7-2.4; P < .001), need for
ventilator 48 hours before operation (OR, 2.0; 95% CI,
1.5-2.7; P ¼ .001), recent myocardial infarction (OR, 1.8;
95% CI, 1.4-2.3; P < .001), dyspnea on exertion (OR,
1.5; 95% CI, 1.2-1.9; P < .001), and being underweight
(OR, 1.5; 95% CI, 1.2-1.9; P < .001) (Table III). Patients
who had a do not resuscitate (DNR) order in their chart at
some point 30 days prior were less likely to have a postoper-
ative cardiac arrest requiring CPR.
Procedures that were associated with the highest risk
for cardiac arrest included open thoracic surgery (OR,
6.9; 95% CI, 4.8-9.9; P < .001), open abdominal aorta
surgery (OR, 3.7; 95% CI, 3.1-4.4; P < .001), excision
of an abdominal graft (OR, 3.7; 95% CI, 1.5-9.2;
P < .001), axillary-femoral bypass (OR, 2.1; 95% CI,
1.3-3.2; P ¼ .001), and peripheral embolectomy (OR,
1.5; 95% CI, 1.2-1.9; P ¼ .002) (Table IV).
Table I. Demographic data and comorbidities
Covariate Total, No. (%)
Postoperative cardiac
arrest, No. (%)
No postoperative cardiac
arrest, No. (%) P value
Total 123,581 1234 122,347
Female 50,668 (41) 481 (39) 50,187 (41)
Male 72,912 (59) 751 (61) 72,161 (59) .14
Nonwhite 25,524 (21) 369 (30) 25,155 (21) <.001
White 98,057 (79) 865 (70) 97,192 (79)
Age >80 years 22,435 (18) 288 (23) 22,147 (18) <.001
Age <80 years 100,200 (82) 946 (77) 99,254 (81)
Body mass index
Normal 36,701 (30) 392 (32) 36,309 (30) <.001
Underweight 3886 (3) 82 (7) 3804 (3)
Overweight 40,534 (33) 359 (29) 40,175 (33)
Obese 37,172 (30) 309 (25) 36,863 (30)
Presurgery functional health status
Independent 105,424 (85) 719 (58) 104,705 (86) <.001
Partial dependence 13,050 (11) 296 (24) 12,754 (10)
Total dependence 3873 (3) 219 (18) 3654 (3)
Smoking,  83,676 (68) 847 (69) 82,829 (68) .85
Smoking, þ 38,671 (32) 387 (31) 38,284 (32)
Diabetes,  88,580 (72) 747 (60) 87,833 (72)
Diabetes, þ 35,001 (28) 489 (40) 34,512 (28)
Dyspnea,  100,354 (81) 873 (71) 99,481 (81) <.001
Dyspnea on exertion 19,479 (16) 240 (19) 19,239 (16)
Dyspnea at rest 2875 (2) 121 (10) 2754 (2)
Prior revascularization or amputation,  91,148 (74) 775 (63) 90,373 (74) <.001
Prior revascularization or amputation, þ 31,199 (25) 459 (37) 30,740 (25)
Dialysis,  113,534 (92) 978 (79) 112,556 (92) <.001
Dialysis, þ 8812 (7) 256 (21) 8556 (7)
Impaired sensorium,  120,652 (98) 1153 (93) 119,499 (99) <.001
Impaired sensorium, þ 1693 (2) 81 (7) 1612 (1)
Wound or infection,  103,176 (83) 865 (70) 102,311 (85) <.001
Wound or infection, þ 19,170 (17) 369 (30) 18,801 (15)
Ventilated preoperatively,  121,035 (98) 1124 (91) 119,911 (99) <.001
Ventilated preoperatively, þ 1312 (2) 110 (9) 1202 (1)
Steroid use,  117,803 (97) 1168 (95) 116,635 (96) <.001
Steroid use, þ 4543 (3) 66 (5) 4477 (4)
Weight loss,  120,426 (98) 1181 (96) 119,245 (98) <.001
Weight loss, þ 1919 (2) 53 (4) 1866 (2)
Bleeding disorder or anticoagulation,  98,380 (80) 18 (1) 98,362 (81) <.001
Bleeding disorder or anticoagulation, þ 23,967 (2) 316 (26) 23,651 (19)
CVA/TIA,  11,1924 (91) 113 (9) 111,811 (92) .11
CVA/TIA, þ 10,422 (9) 121 (10) 10,301 (8)
COPD,  107,297 (88) 979 (80) 106,318 (88) <.001
COPD, þ 15,050 (12) 255 (21) 14,795 (12)
CHF,  119,431 (97) 1115 (90) 118,316 (98) <.001
CHF, þ 2915 (3) 119 (10) 2793 (2)
Prior PCI,  102,603 (84) 976 (79) 101,627 (84) <.001
Prior PCI, þ 19,743 (16) 258 (21) 19,485 (16)
Recent MI,  119,610 (97) 1125 (90) 118,485 (98) <.001
Recent MI, þ 2734 (3) 109 (10) 2625 (2)
Hypertension,  29,600 (24) 197 (16) 29,403 (25) <.001
Hypertension, þ 92,747 (76) 1037 (84) 91,710 (75)
DNR status,  120,803 (98) 1208 (98) 119,595 (99) .008
DNR status, þ 1544 (2) 26 (2) 1488 (1)
Recent operation,  115,906 (94) 1078 (87) 114,828 (95) <.001
Recent operation, þ 6437 (6) 156 (13) 6281 (5)
Emergent,  111,659 (90) 851 (69) 109,568 (90) <.001
Emergent, þ 11,922 (10) 385 (31) 11,537 (10)
CHF, Congestive heart failure; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; DNR, do not resuscitate; MI, myocardial
infarction; PCI, percutaneous coronary intervention; TIA, transient ischemic attack.
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day of the cardiac arrest in 47.7% of patients. These compli-
cations included sepsis (23.5%), renal failure (14.5%),
and myocardial infarction (12.1%). Not surprisingly, aftercardiac arrest, these patients exhibited a signiﬁcantly higher
postoperative mortality of 73.4% vs 2.7% (P< .001). Of the
survivors after CPR, 102 (12.1%) were still hospitalized at
30 days.
Table III. Multivariate patient predictors of cardiac
arrest
Covariate OR 95% CI
Totally dependent functional status 2.9 2.3-3.6
Dialysis 2.7 2.3-3.2
Emergency case 2.2 1.9-2.5
Partially dependent functional status 2.0 1.7-2.4
Ventilator within 48 hours prior 2.0 1.5-2.7
History of MI 1.8 1.4-2.3
Dyspnea on exertion 1.5 1.2-1.9
Underweight 1.5 1.2-1.9
Weight loss 1.4 1.1-1.9
CHF 1.4 1.1-1.8
History of angina 1.4 1.1-1.9
Diabetes 1.3 1.1-1.5
COPD 1.3 1.1-1.6
Age 1.3 1.1-1.5
Nonwhite 1.3 1.1-1.5
Dyspnea at rest 1.3 1.03-1.7
DNR order 0.59 0.39-0.93
CHF, Congestive heart failure; CI, conﬁdence interval; COPD, chronic
obstructive pulmonary disease; DNR, do not resuscitate; MI, myocardial
infarction; OR, odds ratio.
Table IV. Multivariate procedural predictors of cardiac
arrest
Procedure OR 95% CI
Open thoracic 6.9 4.8-9.9
Open abdominal aorta 3.7 3.1-4.4
Excision abdominal graft 3.7 1.5-9.2
Endovascular thoracic 3.5 2.4-5.0
Intra-abdominal (non-aorta) 2.3 1.6-3.4
Axillary-femoral bypass 2.1 1.3-3.2
Peripheral embolectomy 1.5 1.2-1.9
Cerebrovascular 0.57 0.45-0.71
Arteriovenous access 0.29 0.18-0.48
Venous procedure 0.05 0.02-0.16
CI, Conﬁdence interval; OR, odds ratio.
Table II. Procedures
Procedure Total, No. (%)
Postoperative
arrest, No. (%)
No postoperative
arrest, No. (%) P value
Mortality after
arrest, No. (%)
Minor amputation 1476 (1) 21 (2) 1455 (1) .286 15 (71)
Major amputation 8905 (7) 203 (16) 8702 (7) .731 166 (82)
Cerebrovascular 31,146 (25) 108 (9) 31,038 (25) <.001 67 (62)
Open upper extremity 1293 (1) 10 (1) 1283 (1) .284 9 (90)
Axillaryefemoral artery bypass 1068 (1) 25 (2) 1043 (1) .001 14 (56)
Open thoracic aorta 741 (1) 36 (3) 705 (1) <.001 23 (64)
Intra-abdominal/non-aorta 1618 (1) 33 (3) 1585 (1) <.001 23 (70)
Open abdominal aorta 8889 (7) 229 (19) 8660 (7) <.001 174 (76)
Open lower extremity 28,011 (23) 300 (24) 2771 (22) .078 210 (70)
Endovascular thoracic 1276 (10) 39 (3) 1237 (1) <.001 28 (72)
Arteriovenous access 4513 (4) 19 (2) 4494 (4) <.001 12 (63)
Lower extremity fasciotomy 395 (<1) 5 (1) 390 (<1) .71 4 (80)
Thoracic outlet decompression 534 (<1) 0 (0) 534 (<1) .2 0 (0)
Peripheral embolectomy 4993 (4) 93 (8) 4900 (4) .001 67 (72)
Abdominal embolectomy 153 (<1) 2 (2) 151 (<1) .75 2 (100)
Venous 13,333 (11) 4 (<1) 13,329 (11) <.001 3 (75)
Endovascular abdominal 12,734 (10) 87 (7) 12,647 (10) .46 72 (83)
Excision of abdominal graft 127 (1) 5 (<1) 122 (<1) .002 4 (80)
Excision of peripheral graft 1098 (1) 14 (1) 1084 (1) .46 10 (71)
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In an effort to generate an evidence base for communi-
cation about shared decision making and informed consent
for vascular surgery patients and their surrogates, we
deﬁned the incidence of, risks for, and outcomes of postop-
erative cardiac arrest requiring CPR after vascular surgery.
The incidence of cardiac arrest among patients undergoing
vascular surgery is 1%, double the frequency of this adverse
event among hospitalized patients in general (0.4%) and
postoperative patients across all surgical specialties
(0.5%).3-5 As would be expected, both patient- and
procedure-level factors were associated with cardiac arrest.
Speciﬁc patient-level factors include dependent functionalstatus, dialysis dependence, emergent surgery, recent me-
chanical ventilation or other pulmonary comorbidities,
recent myocardial infarction, severe weight loss, diabetes,
and advanced age. Speciﬁc procedure-level factors more
frequently associated with cardiac arrest requiring CPR
included major open thoracic and abdominal cases, axillo-
femoral bypass, peripheral embolectomy, removal of an
abdominal graft, and emergent surgery. A signiﬁcant num-
ber of patients who had a postoperative cardiac arrest died
or remained hospitalized at 30 days.
Our results are similar to those of previous studies in
which preoperative functional status and dialysis depen-
dence predicted poor outcomes in vascular surgery patients
undergoing a range of procedures.13-17 Similarly, literature
review demonstrates that open thoracic and abdominal
procedures, particularly those that require removal of an
existing graft, have signiﬁcant morbidity and mortality,
even in the most experienced centers.18-21 Axillary-
femoral bypass, although a less invasive procedure, may
be used to treat patients with severe aortic occlusive disease
JOURNAL OF VASCULAR SURGERY
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comorbidities, suggesting a potential explanation for the
high mortality associated with this procedure.22,23 Simi-
larly, embolectomy is an emergent procedure often used
to treat frail, decompensated patients with comorbidities
who have an acutely threatened limb.
Overall, the data demonstrate that vascular surgeons
need to have informed discussions with patients and their
surrogates about the real potential for cardiac arrest
requiring CPR and, furthermore, the morbidity and mor-
tality associated with this complication. For if there is a car-
diac arrest postoperatively, CPR is initiated by default
unless there is a speciﬁc DNR designation. Given that
many patients who suffer a postoperative cardiac arrest
requiring CPR will die or remain hospitalized for extended
periods, the risks and beneﬁts of CPR should be included
as part of the informed consent process so that patients’
preferences and wishes can be clariﬁed in advance of any
complications and even serve as an advance directive should
a patient subsequently lose capacity. It is anticipated that
adoption of this approach would result in an improved
health care experience in which patient-centered goals
and objectives ﬁgure prominently in the clinical decision-
making process.
Bernat and Peterson and others describe informed con-
sent and shared decision making as an ongoing process of
communication that serves to incorporate the patient’s
preferences and the physician’s expert opinion to create a
therapeutic plan.24 A key element of informed consent is
understanding a patient’s goals of care and clarifying risks
and expectations. Discussions may in some cases alter a pa-
tient’s or surrogate’s decision to consent to a procedure,
particularly if the surgery will not serve to meet the pa-
tient’s goals of care. Alternatively, a surgeon may be less
likely to recommend a speciﬁc surgical intervention, partic-
ularly if a patient has goals or preferences that would signif-
icantly limit postoperative care or the management of
surgical complications.9
Our study is subject to certain limitations. First, the
study’s retrospective nature as well as the established pitfalls
of NSQIP related to the data abstraction processes and
limited follow-up restricts the type of analyses and infer-
ences we can make. Next, grouping of speciﬁc surgical
procedures into broader categories leads to some general-
ization rather than addressing speciﬁc procedures. For the
purposes of this study, only the primary procedure was
used for the grouping. However, as our goal was to analyze
a wide range of vascular surgery procedures, NSQIP data
provided a large sample for our analyses. The variable is
cardiac arrest requiring CPR. This may underestimate the
rate of cardiac arrest in patients who had a change in
code status postoperatively, although we took into account
those with previous DNR orders in the multivariate anal-
ysis. Another limitation is that the speciﬁc circumstances
around the time of the cardiac arrest, including the rhythm
and current medications, are not recorded in NSQIP. Car-
diac arrest occurred at an average of 7 days postoperatively.
This may reﬂect both an already complicated course and alarger procedure with a longer baseline length of stay. A
cardiac arrest could be missed after discharge, although
this would adversely affect the 30-day survival if it was fatal.
Our data allow vascular surgeons to better obtain
informed consent, to quantify risks, and to more clearly
deﬁne expectations with patients for a wide range of
vascular procedures. Speciﬁcally, these data enable a preop-
erative discussion about the likelihood of a cardiac arrest
based on the patient’s comorbidities and procedure. The
identiﬁed poor survival after an arrest may help to clarify
long-term goals of care and to decide whether even to pre-
cede with an operation in high-risk patients.
CONCLUSIONS
Our data, which speciﬁcally highlight patient- and
procedure-level factors associated more frequently with
postoperative cardiac arrest requiring CPR, provide an evi-
dence base for vascular surgeons to have informed discus-
sions with patients and their surrogates about the true
risks and potential negative outcomes of surgery. If used
properly, data-driven, individualized preoperative risk
assessment and postoperative prognostication offer the op-
portunity for truly informed discussions. Future research is
needed to best address patients’ preferences and decisions
that they may make when they are informed with objective
data focusing on their own procedure and risk factors.
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